Proceedings of the CHARM 2007 Workshop, Ithaca, NY, August 5-8, 2007 

Determination of Charm Hadronic Branching Fractions at CLEO-c 

A. Ryd Representing the CLEO Collaboration 
Laboratory for Elementary-Particle Physics, Cornell University, Ithaca NY 14853, USA 

Recent results from CLEO-c on measurements of absolute hadronic branching fractions of D", 
D^ , and D^ mesons are presented. 



I. INTRODUCTION 
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Precise measurements of absolute hadronic branch- 
ing fractions for D^, Z?+, and Df meson decays are 
important as they serve to normalize most B and Bg 
decays as well as many charm decays. 

Results from the CLEO-c experiment at the Cornell 
Electron Positron Storage Ring based on 281 pb^^ 
recorded at the ip{3770) are presented here for stud- 
ies of £*" and £)+ decays. In addition, CLEO-c has 
analyzed 298 pb~^ of e+e" annihilation data near 
Ecm = 4170 MeV for studies of Ds decays. These 
samples provide very clean environments for studying 
decays of D and Dg mesons. The ^"(3770), produced 
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annihilation, decays to pairs of D mesons. 



either D^D^ or D^D^ . In particular, the produced 
D mesons can not be accompanied by any additional 
pions. At Ecra = 4170 MeV Dg mesons are primarily 
produced as DfD*~ and D*+Dg pairs. 

First, I will discuss the determination of the abso- 
lute hadronic D", _D+, and Df branching fractions. 
Then I will present CLEO-c measurements of inclu- 
sive ?7, r]' , and </> decays; the doubly Cabibbo sup- 
pressed decay D~^ — >• ivT+Tr"; studies oi D ^> Kstt 
and D -^ Kltt; Dg decays to two pseudoscalars; and 
two-body Z?° and D~^ decays to pairs of kaons. 



II. ABSOLUTE D" AND D+ HADRONIC 
BRANCHING FRACTIONS 

This analysis [l| makes use of a 'double tag' tech- 
nique initially used by Mark III 0. In this tech- 
nique the yields of single tags, where one D me- 
son is reconstructed, and double tags, where both 
D mesons are reconstructed, are determined. The 
number of reconstructed single tags, separately for 
D and D decays, are given by Ni = eiBiNjjQ and 
Nj = ijBjNjjjj, respectively, where e^ and Bi are the 
efficiency and branching fraction for mode i. Sim- 
ilarly, the number of double tags reconstructed are 
given by Nij — tijBiBjNjjjj where i and j label the 
D and D mode used to reconstruct the event and tij is 
the efficiency for reconstructing the final state. Com- 
bining the equations above and solving for Njjjj gives 
the number of produced DD events as 



Ni e,.i 



In this analysis we determine all the single tag and 
double tag yields in data, determine the efficiencies 
from Monte Carlo simulations of the detector re- 
sponse, and extract the branching fractions and DD 
yields from a combined fit [3] to all measured data 
yields. 

This analysis uses three 1?° decay modes (Z)*^ -^ 



R- 



i?o 



and D° 



R- 



and six D^ 



R 



R-TT+ 



TT TT 

D+ 



-) 



decay modes (£)+ 
tt+tt+tt", D+ -^ R^n+, L>^ 

7r^7r+, and D^ —^ R~R~^Tr'^). The single tag 
yields are shown in Fig. [TJ The combined double tag 
yields are shown in Fig. [2] for charged and neutral D 
modes separately. The scale of the statistical errors 
on the branching fractions are set by the number of 
double tags and precisions of « 0.8% and w 1.0% are 
obtained for the neutral and charged modes respec- 
tively. The branching fractions obtained are summa- 
rized in Table U |ll|] . For the branching fractions we 
quote three uncertainties. The first is the statistical 
uncertainty, the second is the systematic uncertain- 
ties excluding the uncertainty in the modeling of final 
state radiation (FSR), and the third error is the FSR 
uncertainty. For the D'^ -^ R^tt^ mode the effect of 
the FSR is a 3.0% correction. We have taken the un- 
certainty of the FSR correction to be about 30% of the 
correction. This covers the difference between includ- 
ing or excluding the effect of interference in simulating 
FSR in the decay D° -^ R-tt+. 



III. ABSOLUTE BRANCHING FRACTIONS 
FOR HADRONIC Ds DECAYS 

This analysis uses a sample of 298 pb^^ of data 
recorded at a center-of-mas energy of 4170 MeV. At 
this energy Dg mesons are produced, predominantly, 
as D^D*g~ or D~D*~^ pairs. We use the same tagging 
technique as for the hadronic D branching fractions; 
we reconstruct samples of single tags and double tags 
and use this to extract the branching fractions. 

In this study eight Dg final states are used {Df -^ 



Ndd^ 



N,N, 



N,, 



e^e, 



Di 



ROR 

77'7r+, 



TT+TT^", Df -^ TT+TT 

and Dt -^ R^tt^tt^ 



^ Dt ^ 777r+, 
The single tag 



Proceedings of the CHARM 2007 Workshop, Ithaca, NY, August 5-8, 2007 



3970407-010 





30000 




25000 




20000 




15000 




10000 




5000 


CM 



30000 


> 


25000 


(D 


20000 


^ 


15000 


.^ 


10000 


^— ^ 




■~». 


5000 


-4—' 

c 




0) 

> 

LU 



30000 
25000 




20000 




15000 




10000 




5000 - 



1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88 

Mbc (GeV/c2) 

FIG. 1: The fits for tlie single tag yields. The background is described by the ARGUS threshold function and the 
signal shape includes the effects of beam energy spread, momentum resolution, initial state radiation, and the i/)(3770) 
lineshape. 



event yields are shown in Fig. [31 The double tag yields 
are extracted by a cut-and-count procedure in the plot 
of the invariant mass of the £)+ vs. D^. This plot is 
shown in Fig.[4l Backgrounds are subtracted from the 
sidebands indicated in the plot and a total of 976 ±33 
double tag events are found. 



From these yields we determine the preliminary 
branching fractions listed in Table |TT1 We do not 
quote branching fractions for I?+ -^ (pn^ as the (j) 
signal is not well defined. In particular, the 4> res- 
onance interferes with the /o resonance. Instead we 
report preliminary results for partial branching frac- 
tions for Df — > K'^K~Tr^ in restricted invariant mass 
ranges of ttikk near the 4> resonance. These partial 
branching fractions are summarized in Table IIIII 



IV. INCLUSIVE MEASUREMENTS OF r/, r;', 
AND (t> PRODUCTION IN D AND Ds DECAYS 

Using samples of tagged D and Ds decays CLEO- 
c has measured the inclusive production of 77, 77', 
and 6 mesons by looking at the recoil against the 
tag ^. The results are summarized in Table IIVI 
The knowledge of inclusive measurements before this 
CLEO-c measurement was poor, besides limits, only 
S(L»° -^ (j)X) = (1.7 ± 0.8)% was measured. As ex- 
pected the ?7, 77', and (j) rates are much higher in Ds 
decays. 



THE DOUBLY CABIBBO SUPPRESSED 



DECAY D^ 



K+n^ 



X^ 



candi- 



CLEO-c [5] has reconstructed D^ 
dates in the 281 pb~^ sample of e'^e~' data recorded at 
the i/'(3770). We find the branching fraction B{D+ -^ 
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FIG. 2: The fit for the double tag yields combined over all modes for charged and neutral modes separately. 



TABLE I: Fitted branching fractions and DD pair yields. For A^qoTjo and N^+j^-, uncertainties are statistical and 
systematic, respectively. For branching fractions and ratios, the systematic uncertainties are divided into the contribution 
from FSR (third uncertainty) and all others combined (second uncertainty). The column of fractional systematic errors 
combines all systematic errors, including FSR. The last column, Afsr, is the relative shift in the fit results when FSR 
is not included in the Monte Carlo simulations used to determine efficiencies. 



Parameter 



Fitted Value 



Fractional Error 

Stat.(%) Syst.(%) 



Afsr 
(%) 



N 



dod" 



B(D°-> 


K--K+) 


B(D° ^ 


K-TV+TV") 


B{D° ^ 


K-TT+TT + TV-) 


Nd+d- 




B{D+ - 


^K--K+-K+) 


B{D+ - 


> K-n+n+TT°) 


B{D+ - 


> K'^7V+) 


B{D+ - 


> K^s^+n") 


B{D+ - 


> Kln+TV+n-) 


B{D+ - 


*K+K-Tx+) 



(1.031 ± 0.008 ± 0.013) X 10^ 0.8 1.3 +0.1 

(3.891 ±0.035 ±0.059 ±0.035)% 0.9 1.8 -3.0 

(14.57 ±0.12 ±0.38 ±0.05)% 0.8 2.7 -1.1 

(8.30 ±0.07 ±0.19 ±0.07)% 0.9 2.4 -2.4 

(0.819 ± 0.008 ± 0.010) X lO** 1.0 1.2 ±0.1 

(9.14 ±0.10 ±0.16 ±0.07)% 1.1 1.9 -2.3 

(5.98 ±0.08 ±0.16 ±0.02)% 1.3 2.8 -1.0 

(1.526 ±0.022 ±0.037 ±0.009)% 1.4 2.5 -1.8 

(6.99 ±0.09 ±0.25 ±0.01)% 1.3 3.5 -0.4 

(3.122 ±0.046 ±0.094 ±0.019)% 1.5 3.0 -1.9 

(0.935 ±0.017 ±0.024 ±0.003)% 1.8 2.6 -1.2 



B(D° ^ K--K+Ti")/B{K--K+) 

B{D° -^ K-TT+TV + TV-)/B{K-TT+) 
B{D+ -^ K--!V+-!V + TT°)/B{K--!V + TT + ) 
B{D+ -> K'^TT+)/B{K~TT + TV+) 

B{D+ -^ KI-k+-k'')/B{K--k+-k+) 

B{D+ ^ K'^TT + TV + -K-)/B{K-TY + TV+) 
B{D+ -^ K+K-TT+)/B{K-TT+TV+) 



3.744 ± 0.022 ± 0.093 ± 0.021 0.6 2.6 ±1.9 

2.133 ±0.013 ±0.037 ±0.002 0.6 1.7 ±0.5 

0.654 ± 0.006 ± 0.018 ± 0.003 0.9 2.7 ±1.4 

0.1668 ±0.0018 ±0.0038 ±0.0003 1.1 2.3 ±0.5 

0.764 ±0.007 ±0.027 ±0.005 0.9 3.5 ±2.0 

0.3414 ±0.0039 ±0.0093 ±0.0004 1.1 2.7 ±0.4 

0.1022 ±0.0015 ±0.0022 ±0.0004 1.5 2.2 ±1.1 



K+TT°) = (2.24 ± 0.36 ± 0.15 ± 0.08) x lO"'', which 
is in good agreement with the recent BABAR mea- 
surement [6] B{D+ -^ K+TT°) = (2.52 ± 0.46 ± 0.24 ± 
0.08) X lO-'^. 



VI. MODES WITH iC£ OR K°s IN THE FINAL 

STATES 



It has commonly been assumed that T{D —^ 
K'^X) = r{D -> KlX). However, as pointed out by 
Bigi and Yamamoto [TJ] this is not generally true as for 
many D decays there are contributions from Cabibbo 
favored and Cabibbo suppressed decays that interfere 
and contributes differently to final states with Kg and 
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FIG. 3: Single tag yields for the reconstucted Da modes used in the analysis of the absolute hadronic Ds branching 
fractions. 



TABLE II: Preliminary branching fractions for Ds decays determined in the CLEO-c analysis. 



Mode 



Branching Fraction (%) PPG 2006 fit (%) 



B{D+ 


- K''sK+) 




BiDt 


-^ K+K-n+) 




BiDt 


-^ K+K-n+Tv 


') 


BiDt 


-* K'^K~TV + TV- 


') 


BiDt 


^7V + 7V-TT+) 




BiDt 


-~.v^+) 




BiDt 


-. r,V+) 





BiDt -^ K+TT + TT- 



1.56 ±0.08 ±0.05 
5.67 ±0.24 ±0.18 
5.58 ±0.29 ±0.45 
1.73 ±0.10 ±0.07 
1.13 ±0.07 ±0.05 
1.63 ±0.11 ±0.17 
3.98 ±0.26 ±0.32 
0.71 ±0.05 ±0.03 



2.2 ±0.45 
5.2 ±0.9 

2.65 ±0.7 
1.22 ±0.23 
2.11 ±0.35 
4.5 ±0.7 
0.66 ±0.14 



Kj^. As an example consider D° 



KIl' 



TT". Con- 
tributions to these final states involve the Cabibbo 
favored decay 13° — > X^tt" as well as the Cabibbo 
suppressed decay 13° — > K'^tt'^. However, we don't ob- 
serve the K'^ and the K''^ but rather the Kg and the 
KI- As these two amplitudes interfere constructively 
to form the Kg final state we will see a rate asym- 



metry. Based on factorization Bigi and Yamamoto 
predicted 

^ TiD^^KOn°)-T{D^^KlnO) 



2 tan^ Oc 



0.11. 
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TABLE III: Preliminary partial branching fractions for Df -^ K^ K tt"'" in limited m{K K'^) ranges around the <^(1020) 



2.06 



m{K K^) range 



Partial branching fraction(%) 



\m{K- K+) ~ m^\ < 5 MeV 
\m{K-K+) - m^\ < 10 MeV 
\m(K-K+) - m^\ < 15 MeV 
\m{K-K+) - m^\ < 20 MeV 



1.75 ±0.08 ±0.06 
2.07 ±0.10 ±0.05 
2.22 ±0.11 ±0.06 
2.32 ±0.11 ±0.06 



All Double Tags 



4120706-010 




1.88 



1.88 1.9 1.92 1.94 1.96 1.98 2 2.02 2.04 2.06 

M(D+) (GeV/c2) 



TABLE IV: Inclusive branching fractions of D^, D^ and 
Df meson decays to rj, r( , and 4>- 



Decay 


B{%) 


D« 


-^^X 


9.5 ±0.4 ±0.8 


D~ 


^nx 


6.3 ±0.5 ±0.5 


Dt 


-.riX 


23.5 ±3.1 ±2.0 


D" 


~.n'x 


2.48 ±0.17 ±0.21 


D- 


-.n'x 


1.04 ±0.16 ±0.09 


Dt 


-^rj'X 


8.7±1.9±1.1 


D« 


^ (j)X 


1.05 ±0.08 ±0.07 


D- 


^<j)X 


1.03 ±0.10 ±0.07 


Dt 


^4>x 


16.1 ± 1.2 ± 1.1 



FIG. 4: The distribution of the reconstructed invariant 
mass of the DJ candidate versus the D'^ candidate for the 
double tag candidates in the absolute Ds hadronic branch- 
ing fraction analysis. 



VII. Ds DECAYS TO TWO 
PSEUDOSCALARS 



Using tagged D mesons CLEO-c has measured [8| this 
asymmetry and obtained 

R{D°) = 0.108 ± 0.025 ± 0.024, 

which is in good agreement with the prediction. 

Similarly, CLEO-c has also measured the corre- 
sponding asymmetry in charged D mesons and ob- 
tained 



RiD-) . ^^^ 



Kl'K+) - T{D+ -^ KlTr+) 



r{D+ -^ K°Tr+) + T{D^ 
= 0.022 ±0.016 ±0.018. 



Kl7r+) 



Prediction of the asymmetry in charged D decays is 
more involved. D.-N. Gao [9,] predicts this asymmetry 
to be in the range 0.035 to 0.044, which is consistent 
with the observed asymmetry. 



CLEO-c has performed a study of Ds decays to a 
pair of pseudoscalars. These final states consists of ei- 
ther a K^ or a 7r+ and one of 77, ?/, 7r°, or Kg. In the 
analysis presented here the following final states are 
studied: D+ -^ K+tj, D+ -^ K+r]', D+ -^ K+tt° 

TT+TT*^. The final state 



r+A-O 



K^., and Dj 



^S' 



Df — > tt+tt" violates isospin and is expected to be 
small. The details of the analysis can be found in 
Ref. [i3|- The signals are observed in the Ds in- 
variant mass distribution as peaks at the Ds mass. 
Significant signals are observed in all modes except 
I?+ -^ tt+tt". The observed mass distributions are 
shown in Fig. \5[ We measure the ratio of the branch- 
ing fractions of the Cabibbo suppressed modes with 
respect to the Cabibbo favored modes. The results 
are summarized in Table |Vl The observed ratios of 
branching fractions are consistent with the naive ex- 
pectation of \Vcd/Vcs\'^ ~ 0.05. In addition, we have 
looked for a CP asymmetry in rate for Df and D~ de- 
cays. No evidence for any CP asymmetry was found; 
the results are summarized in Table FVll 
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FIG. 5: Observed signals in the Ds -^ PP analysis. 



TABLE V; Branching ratios for the Ds —> PP analysis. 



Mode 




Bs/Bf (%) 


BiD+ 


-^ K+ri)/B{D+ -» TT+r;) 


8.9 ±1.5 ±0.4 


B{Dt 


-- K+r^')/B{Dt - n+n') 


4.2 ±1.3 ±0.3 


B{D+ 


^ 7T+K°)/B{D+ -> K+K°) 


8.2 ±0.9 ±0.2 


B{D+ 


-^ K+n'^)/BiD+ -^ K+Kl) 


5.0 ±1.2 ±0.6 


B{Dt 


-^ n+n'')/B{Dt -^ K+K%) 


< 4.1 (90% CL) 



particular, the decays D^ — > K K^, D'^ 

and I?+ -^ K^Kg have been analyzed. In addition to 



K'sK^s^ 



TABLE VL CP asymmetries for Cabibbo suppressed 
Ds —> PP decays. 



Mode 



{B+-B.)/{B++B-){%) 



A{Dt 


-^K+v) 


-20 ±18 


A{D+ 


^ K+f,') 


-17 ±37 


A{D+ 


^.+i^°) 


27 ±11 


A{Dt 


^ K+t:°) 


2 ±29 



being Cabibbo suppressed, the D^ -^ ^s^s mode is 
strongly suppressed due to destructive interference in 
the SU(3) limit between the two dominating exchange 
amplitudes for this decay. Figure[6]shows the observed 
yields in the three channels studied in this analysis. 

The preliminary branching fractions are summa- 
rized in Table EHl For D° -^ K+K' and D+ -^ 
K^Kg there is good agreement with previous mea- 
surements. However, for D'^ — > KgKg our new mea- 
surement is lower than previous measurements. 



IX. SUMMARY 

I have presented results based on 281 pb^^ of e+e^ 
annihilation data recorded at the ^'(3770) resonance 
for studies of D'^ and £)+ decays. Among the results 
presented here were the final results for the absolute 
D° -^ K~TT~^ and D~^ — > K~TT~^Tr~^ branching frac- 
tions. CLEO-c has also analyzed 298 pb~^ of e+e~ 
annihilation data recorded at the center-of-mass en- 
ergy of 4170 MeV. Here we have studied the absolute 
hadronic branching fractions of Dg mesons. CLEO- 
c has recorded more than 800 pb^^ of data at the 
■0(3770) and are planing to double the data sample 
recorded at E^m = 4170 MeV, so there are still many 
interesting results to come from the CLEO-c data 
sample. 
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FIG. 6: From left to right the yields in the D° -^ K+K', D° -^ A'gA'g, and D+ -^ K+ K% are shown. We observe 
4747 ± 74, 96 ± 13, and 1971 ± 51 events respectively in these modes. For the D" -^ K'gK'g analysis we subtract 
backgrounds, primarily, from D° -^ K^-k^-k^ and find 70 ± 15 signal events. 



TABLE VII: Preliminary branching fractions obtained in the study of two-body Cabibbo suppressed decays of D mesons 
to pairs of kaons. 



Our Measurement (10"^) PPG 2007 (10''') 

B{D^''^K-K+) 4.01 ±0.07 ±0.08 ±0.07 3.85 ± 0.09 

B{D'-'' ^ K%Kl) 0.149 ±0.034 ±0.015 ±0.03 0.36 ± 0.07 
B{D+ -^ K%K+) 3.35 ±0.10 ±0.10 ±0.12 2.95 ±0.19 
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